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6 . 0 APPENDIX A, REDUCED DATA 


Reduced data enclosed is identified by paragraph numbers of the test 
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1.0 INTROD U CTIO N 

This report describes the results of a development test program 
directed at evaluating the structural capabilities of the Marman V-Band 
Coupling and Flange with Conoseal gasket as shown in Figure 1. The intended 
end use was for the 75K NERVA flight engine propellant lines. The list of 
references at the end of this report describes the method of selecting this 
configuration for testing and outlines a complete development program which 
would assess capabilities for all NERVA operational modes. 

Of major importance in the structural evaluation is the ability to 
predict stresses throughout the assembly for a variety of loading conditions. 
Computer finite element analysis (l) 1 is used to predict these stresses but, 
for the subject configuration, large uncertainties are introduced in modeling 
the complex geometry and boundary conditions. The purpose of the structural 
tests was to obtain actual stresses and deflections for correlation with, and 
updating of the finite element model. Accurate representation would allow 

the application of probabilistic design techniques to determine the suitability 
for use on the NERVA engine. 

2.0 SUMM ARY / CONCLUSIONS 

Results of the incomplete test program are inconclusive with respect to 
determining suitability for use on the NERVA engine. However, test data 
indicates yielding will occur at various points in the flange assembly at 
loading conditions considerably below those anticipated on the engine. Further 
study of the test data is required to make the proper evaluation which must 


1 Numbers in parentheses refer to references at the end of this report 
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Include the strain hardening characteristics of the flange material. 

Significant contributions to the stress levels are of a self limiting 
nature; i.e., due to bolt clamping torque, and as such can he classified 
as secondary stresses (2). Inelastic analysis techniques are applicable 
under these conditions, and the yielding condition is not necessarily 
cause for rejection of the design. In addition/ consideration' must be' given ' 
to the possibility of geometry changes which may improve the capabilities of 
the preliminary design which was tested. 

Tests were performed to determine the spring rates of Conoseal gaskets 
and the ability of the V— Band Coupling to generate sufficient force to 
properly seat the gasket (3). This information was used as input for a finite 
element computer analysis model of the subject assembly. Structural tests 
were then performed to verify and update the finite element model. Correla- 
tion of test data with the computer analysis, for a relatively simple loading 
condition, was made and indicated unsatisfactory modeling. 

It is concluded that considerable refinement of the finite element 
model Is required. Perhaps of greatest significance is the lack of axi- 
symmetry shown in the test data which was assumed in the finite element 
analysis. If the finite element model can be updated to accurately represent 
the test used for correlation, several computer runs must be made corresponding 
with all loading conditions used in testing. Only after satisfactory correlation 
is obtained for all loading conditions, can sufficient confidence be placed 
in the analysis to permit probabalis tic design to proceed. 
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At: this time no assessment has been made concerning the degree of 
correlation between the test data and the computer analysis that is necessary. 
If this program were to be carried to completion, it would necessarily be 
required and would include a comprehensive examination of the accuracy of the 
test data. This would be factored into the entire program along with the 
accuracy of the computer analysis to establish the uncertainty involved. 

For the purpose of this report, it is assumed that the test data is exact. 

This is a reasonable assumption until the finite element model has been 
updated to model basic behavior. 

3 . 0 TECHNICAL DISCUSSION 
3 . 1 Test Article 

Details of the male flange, female flange, and V-Band 
Coupling are shown in Figures 2, 3, and 4, Strain gages were located as shown 
at points where the computer analysis indicated the largest stresses would 
exist. Deflection gages were’ installed as shown to measure relative flange 
separation and the deflection of the V— Band . The assembled test article 
with the Conoseal gasket installed is shown in Figure 7. 

3 • ^ Te st Pr ogram 

■ The test program planned to evaluate the Mar man V-Band 

Coupling and Flange with Conoseal Gasket for use on NERVA propellant lines 

consisted of three distinct areas of investigation as described below: 

PART 1 - The purpose of this activity was to determine the spring rates of 

Conoseal gaskets made of aluminum and of stainless steel and the ability of 

the V-Band Coupling to provide the necessary clamping force to properly sent 
the gasket. The test setup used to determine the Conoseal spring rates 

is shown in ligure 5. With the Conoseal installed, axial compressive loads 
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were applied by the tensile testing machine with the flange gap and 
deflection measured directly, A similar setup was used to measure the 
force developed by the V-Band Coupling and is shown in Figure 6, With the 
Conoseal removed, the force developed by the V-Band Coupling as a function 
of bolt torque and flange gap was measured directly using the tensile testing 
machine. The detailed test procedure for Part I is described in Refer- 
ence (3). 

PAR T II - The purpose of this activity was to perform structural tests on the 
assembled Harman V-Band Coupling and Flange with the Conoseal Gasket installed 
and correlate the stresses and deflections with those obtained from a finite 
element computer analysis. The test article was instrumented and assembled as 
shown in Figures 2, 3, 4, and 7. Stresses and deflections were measured for 
loading conditions listed below. The test setup used for each test is shown 
in the indicated figures. 

a. * V-Band Coupling Bolt Torque, Figure 7. 

b. V-Band Coupling Bolt Torque plus Axial Tensile Load, Figure 8. 

c. V-Band Coupling Bolt Torque plus External Bending Moment, 

Figure 8. 

d. * V-Band Coupling Bolt Torque plus Internal Pressure, Figure 7. 

For each of the loading conditions above, the test procedure required that 
stresses and deflections be measured over a range of loading conditions to 
establish functional relationships if possible. Thus, for each loading 
condition, loads were applied in increments with several strain 

* These tests were performed for two nominal tube wall thicknesses. 

Heavy wall tests, thickness " .258 inches 
Thin wall tests, thickness = .150 inches 
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gages being monitored as test control. In the Interest of maintaining the 
test article free of previous test history, yielding could not be tolerated. 

To prevent the occurrence of yielding in each test, the loading was terminated 
when the maximum shear stress reached test control limits (10,000 .psi for 
the CPvES 347 flanges and 40,000 psi for the Inconel 718 V-Band) , 

Two additional tests were performed. One was to determine the tor- 
sional load carrying capability of the test article as a function of assembly 
cycles. The only data recorded for this test was the load at which the 
flanges slipped. The test setup was as shown in Figure 9 with the test 
results shown in Figure 10. The other test was to determine the failure mode 
of the thin wall version of the test article when subjected to internal hydro- 
static pressure. For this test, all stresses and deflections were recorded 
continuously until fluid containment capability was lost. The test setup 
was as shown in Figure 7. The detailed test procedure for Part II is described 
in Reference (4). 

PART III - The purpose of this activity was to determine the behavior of the 
test article of Part II when subjected to pressure-temperature cycling. Of 
greatest importance were the effects on fluid containment and load carrying 
capabilities throughout the life of the NERVA engine. Also of interest was 
the desire to correlate ambient helium leakage with hydrogen leakage at 
engine operating conditions to establish leak test acceptance criteria. 

3 * 3 Tes ts Completed 

Parts I and II of the test program were completed and the 
results are described in Sections 3.4 and 3.5 of this report. Part III of 
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the test program was cancelled due to the NERVA Program phasedown of 
February 1971, Material representing the effort expended on Part III may 
be found in References 5 through 9. 

3 . 4 Correlation Wi t h Analysis 

Part I of the aforementioned test program was directed at 
determining actual Conoseal spring rate and V-Band Coupling clamping force, 
characteristics. Force-deflection curves for steel and aluminum Conoseal gaskets 
are shown in Figures 11 and 12 and are in accordance with ACC-STD 4808B, 

Conoseal Grooves and Flanges, Part I, Engineering Design Criteria. Of 
interest is the rapid reduction in axial force with flange separation which 
indicates a possible leakage mechanism if preload is significantly reduced. 
Clamping force characteristics are shown in Figures 13 and 14 for steel and 
aluminum flanges and are seen to be sufficient to properly seat the gaskets; 
however, there is an effect of initial flange gap. These results were used 
by the Applied Mechanics Section in modeling the assembly for finite element 
analysis. While several loading conditions were analyzed by computer, none 
are significant unless actual behavior is modeled. Thus, the first consideration 
is a very basic one of obtaining a good correlation for rather simple loading 
conditions. The case chosen for the first step in correlating the results 
was that of simply clamping the assembly together with a torque of 360 in-lb 
applied to the bolts of the V-Band Coupling with the Conoseal installed. 

This corresponds with loading condition (b) of Reference 1 and test plan 
paragraph 5.2.3 of Reference 4. 
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The correlation is shown in Figures 15 through 18, where the 
broken lines are computer results, assumed axisyrnmetric , and the solid lines 
are measured values at various locations around the circumference of the 
test item. Finite elements are identified in Figure 19. It can be seen that 
variations in stresses around the circumference of the flange are large and 
in general do not agree with the finite element analysis * Also, most of the. 
measured flange stresses are larger than those predicted by analysis. The 
maximum shear stress predicted for the coupling (element 217) was approximately 
31 ksl. Measured values range from 2 to 11 ksi, indicating the modeled 
stiffness for the V-Band was too small, Comparison of predicted and measured 
deflections of the V-Band is inconclusive due to the lack of axisymmetry of 
the test article and the accuracy of the measured deflections. The predicted 
deflection was .0004256 inches, while measured values range from -.0005 to 
+.002 inches. 

The conclusion is that the general behavior of the assembly 
is not adequately modeled. The finite element model must be examined and changes 
Introduced to produce the basic behavior indicated by the test results. Until 
this Is accomplished, further correlation efforts are not warranted. 

3 . 5 Test Resu lts 

The finite element model used for computer analysis is shown 
in Figure 19. This simplified representation shows only those locations 
where stresses and deflections were actually measured during the test program. 
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Examination of this model and the strain gage locations shown in Figures 2, 
3, and 4 yields the following correspondence: 

Finite Element Strain Gage 


Number 



Numbers 


Location 

78 

24, 

28, 

32, 36, 

40 

Female Flange 

82 

22, 

26, 

30, 34, 

38 

Female Flange 

129' 

"23, 

'27, 

31 ,35, 

39 '' 

Female Flange 

134 

21. 

25, 

29, 33, 

37 

Female Flange 

291 

3, 

7, 

11, 15, 

19 

Male Flange 

296 

1, 

5, 

9, 13, 

17 

Male Flange 

355 

4, 

8, 

12, 16, 

20 

Male Flange 

359 

2, 

6, 

10, 14, 

18 

Male Flange 

217 

41, 

42, 

43, 44 


Coupling 


The fact that there arc several strain gages listed above for each finite 
element is due to the gages being located around the circumference of the test 
item. Stresses are listed by these strain gage numbers in the reduced data 
in psi (see Appendix A). Internal deflection gages, designated B-l, B~2, and 
B-3 correspond with relative displacements of nodes 231 and 253 of the finite 
element model and are listed in the reduced data as GAP 1, GAP 2, and CAP 3, 
respectively. Similarly, external deflection gages B~4, B-5, and B-6 
correspond with relative displacements of nodes 165 and 386 of the finite 
element model and are listed in the reduced data as DEFL 4, DEFL 5, and 
DEFL 6, respectively. All deflections are inches. 
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The above information allows the identification of stresses 
in the various elements of the test article by referring to the finite 
element model (Figure 19) and the reduced data for test conditions listed 
in Appendix A. No effort will be made to examine each element for all 
loading conditions, but some general observations are made as follows: 

Efforts to insure that no yielding would occur during the 
test program were not entirely successful. Using the maximum shear stress 
theory to predict the onset of yielding, shear stresses must be limited to 
one-half the tensile yield strength of the material. For the CRES 347 
flanges tested, shear stresses should have been limited to 15,000 psi. That 
this value ivas exceeded for several loading cases was due to either or both 
of the following: 

a. Incorrect stress calculations during testing. 

b. Yield stresses were encountered at the initial load increment 
specified in the test procedure. 

The end result is that the accuracy of the test data is compromised due to 
local yielding and the accompanying redistribution of stresses. No attempt 
was made to quantify this inaccuracy. 

Referring to the reduced data, Appendix A, Pages A~l, A-2, 
and A— 3, maximum, shear stresses are seen to increase with coupling bolt torque 
From Page A~4 , further inci~eases exist due to the application of an axial 
tensile load. Application of an external bending moment to the test article 
produces a reduction in maximum shear stresses initially, Page A-5. Sub- 
sequent increases in the magnitude of the bending moment increases maximum 
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shear stresses, but the rate of increase is small compared with the 
increase in bending moment, Pages A-6 and A-7. This indicates that 
the effects of bolt clamping torque remained dominant for the range of 
bending moments applied. Similar behavior was experienced when the test 
article was subjected to internal pressure. Page A-8. Initially, maximum 
shear stresses decreased; however, further increases in pressure were not 
made as test control limits were exceeded at the initial pressure increment. 
The coupling bolt torque test and internal pressure test for the thin wall 
version of the test article, Pages A- 9 and A-10, show increased stresses 
where the condition of localized yielding may no longer be valid. This does 
not preclude the possibility of the test article performing satisfactorily 
at load levels anticipated on the NERVA engine if the flange material has 
sufficient strain hardening capability. This is evidenced by the test to 
determine the failure mode, Reference (24), Page 39, where fluid containment 
capability was maintained to approximately 2350 psig. This is considerably 
above the nominal pump discharge pressure for NERVA (1431 psia). 

In order to assess the capabilities of the test article for 
the various loading conditions mentioned above, and combinations thereof, 
detailed analysis of the test data is required in accordance with SNPO-C-1 (2) . 
This would define -the load carrying capabilities within allowable stress 
and strain limits. Comparison with anticipated service conditions would 
then be required to determine suitability of this configuration for use on 
the NERVA engine. The performance of this analysis is beyond the scope of 
this report. 
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FiGURE 1 - ASSEMBLED TEST ARTICLE 



N8600R:72-007 
J. II . Oates 
June 1972 
^ Page 14 


O 

F** 

o 

LU 



< < 


00 

o 
f — 
< 
o 
o 

LU 

C3 

< 

O 


LU 2 : 
o F— 
? O 
^ LU 
— 1 — I 
ll. n_ 


LU 

* < 

— > 0£ 
o I- 

Li., to c.- 





xO 

CO 

CM 

CM 

zc 

VC 

V. 


MO 

00 

CM 

CM 

< 

<T 


V. 

1C) 

r- 

CM 

CM 

nr 

re: 

1.0 


CM ( 

, cm 

< 

< 


N8600R: 72-007 
J.H. Oates 
June .1972 
Page 15 


T0 


X c^i * 

l I 

• \ ’ Cu- 


O r ,H 

^ cv 
o 

K h- 
O LjJ 
UJ ^ 
-I O 
Li. < 
UJ OC 


■A*- cm 
UJ CM 

[r< <C 


T 

CO o 
CM I 


00 o 

CM \C 

< < 

K. 

r- cm 

C M | CM 

vc nr 

V s 

O'* 

CM CM 

< < 





$ UJ »~ 

% O O 

< LU 

° O -J 

_j, LL 

3 ~ lj-J 
£ < Q 
^ K I- 

^ ' LU 

, u ’ X 
< Q- O 
S o < 
• • x o q: 
y < n: c o 

o l l i 

o < x co 
o 


FIGURE 3 - FEMALE FLANGE 
STRAIN GAGE & DEFLECTiON 
GAGE LOCATIONS P/N 113828; 



BRACKETS FOR DEFLECTION 
GAGE ATTACHMENT B-6 
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FIGURE 8 
TEST SET UP 

AXIAL TENSILE LOAD AND EXTERNAL 
BENDING MOMENT TESTS 









